Transient kinetics and thermodynamics of anthroylouabain binding to Na/K-ATPase.
The Na/K-ATPase is an integral membrane protein enzyme which uses energy derived from hydrolysis of ATP to pump Na+ out of and K+ into the cell. Ouabain belongs to a class of drugs known as cardiac glycosides, which are useful for treating congestive heart failure. Therapeutic value is achieved when these drugs bind to and inhibit the Na/K-ATPase of cardiac muscle. We gain insight into this important interaction by measuring the thermodynamics of the interaction of anthroylouabain (AO), a fluorescent derivative of ouabain, with the Na/K-ATPase. AO has the useful property that its fluorescence intensity is greatly enhanced (approximately 10x) when it binds to the enzyme. Using this enhancement, we measure temperature dependence of transient kinetics for the association and dissociation of AO interacting with membrane fragments of Na/K-ATPase purified from dog kidney. Using a standard Eyring analysis, we find that the overall association of AO with the enzyme is driven by substantial contributions from both enthalpy and entropy, and that in an energy diagram for the association pathway, the free energy change is quite similar to that of ouabain deduced from previously published results [E. Erdmann, W. Schoner, BBA 307 (1973) 386]. However, in the transition state, there are substantial differences for the enthalpy and entropy, presumably due to the presence of the anthracene moiety.